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ABSTRACT 
A gas chromatographic method f o r  the  de te rmina t ion  of t he  
t r ichlorof luoromethane con ten t  i n  a poly01 has  been eva lua ted .  
C e r t a i n  modif icat ions have been recommended. With these  modi- 
f i c a t i o n s ,  t h e  method has been found t o  be s a t i s f a c t o r y  i n  the  
range of 28 percent  +2 percent  t r ich lorof luoromethane ,  a s  re-  
qui red  by Spec i f i ca t ion  MBO130-077 (North American Rockwell 
Corporation ma te r i a l  s p e c i f i c a t i o n  f o r  two pound dens i ty  poly- 
ure thane  foam). 
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TECHNICAL MEMORANDUM X- 53792 
AN EVALUATION OF A GAS CHROMATOGRAPHIC METHOD FOR THE DETERMINATION 
OF THE TRICHLOROFLUOROMETHANE CONTENT I N  THE STARTING 
POLYOL COMPONENT OF POLYURETHANE FOAM 
SUMMARY 
A gas Chromatographic method f o r  the  determinat ion of t he  t r i c h l o r o -  
fluoromethane conten t  i n  a polyol h a s  been eva lua ted .  Ce r t a in  modifica- 
t i o n s  have been recoaunended. With these  modi f ica t ions ,  t he  method has  
been found t o  be s a t i s f a c t o r y  i n  the  range o f  28 pe rcen t  +_2 percen t  tri- 
chlorofluoromethane, a s  r equ i r ed  by North American Rockwell Corporation 
S p e c i f i c a t i o n  MBO130-077. 
INTRODUCTION 
The North American Rockwell Corporat ion ( the  prime con t r ac to r  f o r  
t h e  S-I1 Stage of the Saturn V launch v e h i c l e )  has  prepared a s p e c i f i c a -  
t i o n  (MBO130-077) f o r  the  flame r e t a r d a n t  polyurethane spray foam. The 
s p e c i f i c a t i o n  con ta ins  a chromatographic method f o r  t he  a n a l y s i s  of 
t r i c h l o r o f  luoromethane con ten t  in  the  s t a r t i n g  polyol  component of t h e  
polyurethane foam. Since t r ichlorof luoromethane i s  used as a blowing 
agen t  f o r  the  polyurethane foam, it i s  mandatory t h a t  a chemical method 
be a v a i l a b l e  t o  govern the co r rec t  concent ra t ion  l i m i t s  so t h a t  the  
c o r r e c t  foam dens i ty  can be obtained.  Trichlorofluoromethane i s  a h igh ly  
v o l a t i l e  halogenated organic  so lvent  t h a t  b o i l s  a t  74°F. It i s  produced 
by v a r i o u s  companies and marketed under t r a d e  names, some of which are 
a s  fo l lows:  DuPont - Freon 11, Al l i ed  Chemical - Genesolv A ;  and 
Union Carbon - Ucon 11. 
This  r e p o r t  covers  t he  eva lua t ion  and modif icat ion of t h e  chromato- 
g raph ic  method i n  Spec i f i ca t ion  MBO130-077 f o r  t h e  S-I1 program 
a c c e p t a b i l i t y  and f o r  poss ib l e  cons idera t ion  of being incorpora ted  i n t o  
a spray  foam material s p e c i f i c a t i o n  f o r  MSFC. 
Since the chromatographic method contained i n  the  North American 
Rockwell s p e c i f i c a t i o n  appeared to  be developed f o r  use  on a s p e c i f i c  
"home-made" appara tus ,  t h i s  r epor t  was prepared fret?? a n  o u t l i n e d  program 
t h a t  produced a n  eva lua t ion  of t h e  chromatographic method and a l s o  d e f i n e s  
t h e  ins t rumenta l  parameters which would permit  adap ta t ion  of the  method 
t o  any commercially a v a i l a b l e  gas chromatographic equipment. 
EXPERIMENTAL 
The i n i t i a l  review of the chromatographic method i n  S p e c i f i c a t i o n  
MBO130-077 (see appendix) showed t h a t  s eve ra l  v i t a l  p i eces  of information 
were miss ing  such as carrier gas flow r a t e ,  i n l e t  and d e t e c t o r  tempera- 
t u r e s ,  r e l a t i v e  r e t e n t i o n  of t r ichlorof luoromethane,  response f a c t o r  f o r  
t r ichlorof luoromethane,  the  p rec i s ion  and accuracy of the  method, and 
minor components of t he  polyol  t h a t  may n o t  r e so lve  from the  t r i c h l o r o -  
fluoromethane o r  t h e  toluene.  With r ecogn i t ion  of these  b a s i c  d e f i c i e n c i e s ,  
the eva lua t ion  was begun. 
A f t e r  a communication wi th  personnel of North American Rockwell 
Corporation and a f t e r  r ece iv ing  a sample of the  base polyol  wi thout  
t r ichlorof luoromethane,  the  equipment was se t  up t o  match a s  c l o s e l y  as  
p o s s i b l e  the parameters of the  proposed method (Table I ) .  
A s  a beginning, samples of toluene and of t r ichlorof luoromethane 
were chromatographed t o  ob ta in  some r e t e n t i o n  da ta  on these  two components. 
Next, a n  e i g h t  m i c r o l i t e r  (8 pl) sample of the base polyol  wi thout  tri- 
chlorofluoromethane was chromatographed t o  determine i f  t h e r e  were any 
" l i g h t  ends" which might e l u t e  w i t h  the  same r e t e n t i o n  t i m e  a s  the  toluene 
and/or t he  t r ichlorof luoromethane.  
minutes a f t e r  i n j e c t i o n  of the  polyol ;  t h i s  was approximately 10 times 
the r e t e n t i o n  of toluene and t r ichlorof luoromethane.  
No components were de tec t ed  i n  18 
Next, a c a l i b r a t i o n  mixture of po lyo l ,  t r ich lorof luoromethane ,  and 
toluene was prepared i n  accordance wi th  the  proposed method. Over a two- 
day pe r iod ,  23 r e p l i c a t e  samples were i n j e c t e d  and response f a c t o r s  were 
ca l cu la t ed  to determine the  r e p r o d u c i b i l i t y  of t h e  chromatographic method 
as  w r i t t e n .  
In  add i t ion ,  a study of the  e f f e c t  of i n l e t  temperature on the  
d e t e c t o r  response and on the  shape of t he  to luene  and the  t r i c h l o r o -  
fluoromethane peaks was made. The i n l e t  temperature  was v a r i e d  over  
the range of 100°C t o  340°C holding a l l  o t h e r  parameters  cons t an t .  
Eleven Samples of the c a l i b r a t i o n  mixtures  were used i n  t h i s  s tudy.  
Peak shapes were noted and the  response f a c t o r s  were c a l c u l a t e d  f o r  each 
i n  j,ec t ion .  
Based on the work done t o  t h i s  p o i n t ,  t h e  ins t rument  was s e t  up 
according to  t h e  parameters which would produce the  b e s t  r e s u l t s  from 
the method (Table 11 ) .  Under these  c o n d i t i o n s ,  t r i c h l o r o f  luoromethane 
had a r e t e n t i o n  of 0.67 cent imeters  and to luene  4.05 cenf imeters .  The 
r e l a t i v e  r e t e n t i o n  (R/R) of t r i c h l o r o f  luoromethane was '0 ..4Q9 ( toluene = 
1 .OO) , where 
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r e t e n t i o n  of Trichlorofluoromethane (cm) 
r e t e n t i o n  of Toluene (cm) 
R/R = 
A f r e s h  c a l i b r a t i o n  mixture and t h r e e  samples of known t r i c h l o r o -  
fluoromethane conten t  were prepared. Ten consecut ive i n j e c t i o n s  of t he  
c a l i b r a t i o n  mixture were made, and the  response f a c t o r  f o r  each i n j e c t i o n  
was ca l cu la t ed .  The average value f o r  t h e  10 c a l i b r a t i o n s  was used i n  
the  c a l c u l a t i o n  of t r ichlorof luoromethane conten t  i n  the t h r e e  known 
samples. Five o r  s i x  i n j e c t i o n s  of each sample were made, and t h e  tri- 
chlorofluoromethane conten t  was taken as the  average of t he  ind iv idua l  
i n j e c t i o n s  of each sample. 
A s  a word of cau t ion ,  the operator  must be c e r t a i n  t h a t  no a i r  
bubbles  are p resen t  i n  the syr inge when a sample i s  i n j e c t e d  i n  the  gas  
chromatograph. Large amounts of a i r  w i l l  over lap the  t r i c h l o r b f  luoro-  
methane peak, g iv ing  an erroneously high va lue  f o r  t r ic f i lo rof  luoromethane 
con ten t  of t he  polyol  sample .  
The response f a c t o r s  and the  t r ichlorof luoromethane conten t  of t he  
known samples were ca l cu la t ed  by two methods. 
h e i g h t s  measured i n  cent imeters ;  the o the r  used peak areas measured i n  
square cen t ime te r s ,  where peak area = peak he igh t  x peak width a t  h a l f -  
peak he igh t .  
and p r e c i s  ion .  
One method used peak 
The da ta  obtained by each method were compared f o r  accuracy 
I n  t h i s  work, the proposed method w a s  followed as c l o s e l y  a s  p o s s i b l e ,  
w i t h  one except ion.  A l l  samples  were made i n  17-1111 screw cap v i a l s .  Af t e r  
the  polyol  had been weighed i n t o  the v i a l s ,  t he  v i a l s  were sea l ed  i n  the 
fo l lowing  manner: A 1-inch square of 1 - m i l  polyethylene f i l m  was placed 
over  t h e  mouth of the  v i a l .  Next, a 1/2-inch O . D .  s i l i c o n e  rubber  septum 
was i n s e r t e d  i n t o  the  mouth of the v i a l .  The septum was l a r g e  enough t o  
hold t h e  polyethylene i n  place and proved t o  be a l e a k - t i g h t  seal .  
F i n a l l y ,  the rubber septum was held i n  p lace  by a p l a s t i c  screw cap  i n t o  
which a 1/4-inch O . D .  hole  had been d r i l l e d .  
of components i n t o  the  v i a l s  and removal of samples f o r  a n a l y s i s .  
The hole  permi t ted  i n j e c t i o n  
C a  1 cu l a  t ion s 
Peak Area = peak h e i g h t  (cm) x peak width a t  half-peak h e i g h t  (cm) 
Relative Retent ion:  
r e t e n t i o n  of Tr ich lorof  luoromethane (cm) 
R/R = 
r e t e n t i o n  of Toluene (cm) 
Reten t ion  i s  measured on the c h a r t  paper from the  po in t  of sample 
i n j e c t i o n  t o  t h e  maximum o f  t h e  component peak i n  ques t ion .  
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Standard Deviat ion:  
where: X i  = each va lue  i n  a series - 
X = a r i t h m e t i c a l  mean of the  series 
n = the  number of determinat ions.  
Response Fac tor :  
Weight of Tr ich lorof  luoromethane x he igh t  of Toluene peak 
Weight of Toluene x he igh t  of Trichlorofluoromethane peak 
F =  
Trichlorof  luoromethane Content:  
Weight of Toluene x h e i g h t  of 
T r  i ch  1 or0 f luorome thane 
Weight of Sample x h e i g h t  of 
Toluene 
x F x 100 W t .  % Trich lorof  luorome thane = 
RESULTS 
This  i n v e s t i g a t i o n  has  e s t a b l i s h e d  the  f a c t  t h a t  t h e r e  a r e  no 
components i n  the  sample of polyol  used dur ing  t h i s  eva lua t ion  (BX-250-A, 
Lot  No. 02-1625-5) which would i n t e r f e r e  wi th  the  t r ich lorof luoromethane  
o r  the  toluene peak response.  
A s  ou t l i ned ,  t h e  procedure was n o t  s a t i s f a c t o r y  when it was reproduced 
on s tandard commercial equipment. A s  seen i n  Table 11, the  average devi -  
a t i o n  of F ,  0.80 +, 0.19, was n o t  bad; b u t  t he  s i z e  and shape of t h e  peaks 
va r i ed  over a wide range throughout the  ser ies  of i n j e c t i o n s  (Fig.  1). 
This  ind ica ted  t h a t  perhaps the  sample was n o t  be ing  vaporized r a p i d l y  
enough t o  g ive  c o n s i s t e n t l y  sharp ,  symmetrical peaks.  
An increase  in  i n l e t  temperature  solved the  problem of poor peak 
shape. (See Table I V  and F ig .  2 . )  Along w i t h  improved peak shape,  a 
smaller average dev ia t ion  of F,  0.68 +- 0.03, was obta ined .  Also ,  now 
the  parameters more c l o s e l y  matched the  i d e a l  s i t u a t i o n  - i n l e t  tempera- 
t u r e  higher than the  a n a l y t i c a l  column, and the  d e t e c t o r  t h e  h o t t e s t  p o i n t  
i n  the  system so t h a t  no e l u t e d  components w i l l  condense. 
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Now, wi th  the  instrumental  parameters w e l l  def ined  (Table 11) , t h e  
i n v e s t i g a t i o n  of t he  method was begun i n  e a r n e s t .  
summary of the  p rec i s ion  and accuracy of t h e  r e s u l t s  obtained by the  
method as  modified.  Table V I  i s  a resume of the raw da ta  obtained i n  
t h i s  s tudy .  
Table V g ives  a b r i e f  
The da ta  ca l cu la t ed  us ing  peak h e i g h t  measurements g ive  much b e t t e r  
va lues  than the  da t a  based on peak areas. This i s  due t o  the  t r i c h l o r o -  
fluoromethane peak which i s  s o  sharp t h a t  i t  i s  very  d i f f i c u l t  t o  measure 
the  peak width (on the  o rde r  of 0.10 cm)  t o  any g r e a t  degree of  accuracy.  
The b e s t  method of peak measurement i s  by e l e c t r o n i c  i n t e g r a t o r  as 
ind ica t ed  i n  the proposed method. 
have such an  i n t e g r a t o r  a t  i t s  d i sposa l ;  t he re fo re ,  the method was 
evaluated us ing  the two means of manually measuring the  component peaks.  
E i t h e r  means of manual measurement is  adequate f o r  the purpose f o r  which 
the  method is intended;  however, peak h e i g h t s  should be used f o r  greater 
confidence and accuracy. 
However, every labora tory  may n o t  
The da ta  ca l cu la t ed  from peak he igh t  measurements i s  accep tab le  f o r  
determining the  t r ichlorof luoromethane con ten t  by the  gas chromatographic 
method a s  may be seen from the average and the  s tandard dev ia t ions  
expressed i n  Table V. 
CONCLUSIONS 
I n  genera l  , the  gas chromatographic method f o r  t r i c h l o r o f  luoro-  
methane i n  poly01 i s  acceptab le  as w r i t t e n .  The idea of u s ing  toluene 
as a n  i n t e r n a l  s tandard as w e l l  a s  a so lven t ,  i s  a good one. The 
i n t e r n a l  s tandard technique compensates f o r  day-to-day v a r i a t i o n  i n  
ins t rumenta l  parameters and a l s o  permits  v a r i a t i o n  i n  sample s i z e  wi th-  
o u t  l o s s  i n  accuracy or  p rec i s ion .  
The da ta  obtained dur ing  t h i s  s tudy i n d i c a t e  t h a t  t h e  method i s  
accep tab le  f o r  t he  a n a l y s i s  of t r ichlorof luoromethane conten t  i n  the  
range of 28 percent  I 2 percent  a s  mentioned i n  S p e c i f i c a t i o n  MBO130-077. 
The instrument parameters l i s t e d  i n  Table I1 are adequate  f o r  
i n c l u s i o n  i n  a s p e c i f i c a t i o n  which r e q u i r e s  a chromatographic method of 
a n a l y s i s .  I f  an  e l e c t r o n i c  i n t e g r a t o r  i s  n o t  a v a i l a b l e  f o r  measure- 
ment of peak areas, the peak he ight  measurements can be used f o r  
c a l c u l a t i n g  t r ichlorof luoromethane conten t .  
This  work has  e s t ab l i shed  t h a t  t h e r e  are no components i n  the 
poly01 which would i n t e r f e r e  wi th  the  measurement of the  to luene  and 
t r ich lorof luoromethane  peaks under t h e  condi t ions  l i s t e d  i n  Table 11. 
Also ,  the  inc rease  i n  i n l e t  temperature has  improved r e p r o d u c i b i l i t y  
g r e a t l y  and the re  was no evidence of decomposition of the to luene  o r  
t he  t r ichlorof luoromethane a t  t h i s  e l eva ted  temperature.  
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TABLE I .  PARAMETERS AS OUTLINED I N  THE PROPOSED PROCEDURE 
RECORDER 
DETECTOR CURRENT 
COLUMN 
Bristol ,  1 mil l ivo l t ,  equipped with a 
disc  integrator, or equivalent 
290 milliamperes 
~~ ~ 
6 '  x 1/8" 0 . d .  s tainless  s t ee l  packed with 
a coating o f  5 percent Carbowax 20-M on 
70-80 mesh Chromasorb G 
CARRIER GAS 
COLUMN TEMPERATURE 
INLET TEMPERATURE 
DETECTOR TEMPERATURE 
~ ~~ 
Helium a t  15 k 1 psig 
15OOC 
15OOC 
15OOC 
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TABLE 11. RECOMMENDED OPERATING PARAMETERS 
1 -  
c 
INSTRUMENT 
c OLUMN 
CARRIER GAS 
COLUMN TEMPERATURE 
INLET TEMPERATURE 
~~ 
DETECTOR TEMPERATURE 
RECORDER 
DETECTOR CURRENT 
SAMPLE SIZE 
F&M Model 720 ,  o r  equ iva len t  
6 '  x 1/4" 0.d. s ta inless  s tee l  packed wi th  
a coa t ing  of 10 pe rcen t  Carbowax 20-M on 
Dia topor t  W (60/80 mesh) 
60 m l  of helium/minute a t  30 p s i g  
150°C 
220°C 
250°C 
Honeywell, 0-1 m v ,  c h a r t  speed of 1 inch/min 
150 mill iamperes 
2 y l  from a 10  yl syr inge  
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TABLE 111. PRECISION OF RESPONSE FACTOR CALCULATION USING 
METHOD BEFORE MODIFICATION 
~~ ~ 
Inject ion No.  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Response F a c t o r  
P e a k  Height 
BY 
0.66 
0.64 
0.56 
0.73 
1.18 
0.69 
1.58 
0.65 
0.65 
0.68 
1.58 
0.69 
0.66 
0.67 
0.77 
1.11 
0.68 
0.71 
0.80 
0.73 
0.70 
0.58 
0.72 
Response F a c t o r  
P e a k  A r e a  
BY 
1.67 
1.65 
1.36 
1.71 
1.69 
1.89 
1.46 
1.67 
1.72 
2.08 
1.78 
1.94 
2.12 
1.90 
1.79 
1.73 
2.06 
2.13 
1.86 
2.03 
1.81 
2.15 
1.76 
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TABLE N. VARIATION OF RESPONSE FACTOR WITH INLET TEMPERATURE 
c 
INLET TEMPERATURE, 1 O C  
100 
125 
150 
175 
200 
225 
250 
275 
3 00 
320 
340 
FH 
0.46 
1.12 
0.43 
0 . 6 4  
0 .74  
0 .68  
0.76 
0.67 
0.66 
0.67 
0 .63  
1.35 
1 . 1 9  
1 . 4 0  
1 .92  
2.08 
1 . 7 9  
1.92 
2.01 
1.77 
1 .94  
1 . 9 0  
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TABLE V I .  SUMMARY OF TRICHLOROFLUOROMETHANE ANALYSES OF 
MODIFIED PROCEDURE 
Sample No. % Trichlorofluoromethane 
by Peak Height 
27.42 
27.35 
27.42 
27.22 
27.35 
30 .49  
31 .47  
31 .54  
30.28 
31.12 
30.63 
32 .94  
32.17 
33.92 
32 .03  
32 .38  
% Trichlorofluoromethane 
by Peak Area 
29.08  
27 .94  
28.13 
27.75 
26.23 
33.02 
32.23 
31.26 
31.06 
28.91 
30.28 
30.67 
30.87 
33.60 
32.82 
29 .30  
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Two Pound Density, for Spray Application. Space Division, North 
American Rockwell Corporation, Downey, California 90241. 
Flame Retardant Polyurethane Foam, 
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APPENDIX 
I *  
PROPOSED PROCEDURE FOR DETERMINING 
FLUOROCARBON CONTENT IN POLYOL" 
1. Fluorocarbon Content 
The pe rcen t  f luorocarbon s h a l l  be determined by us ing  one of the  
fol lowing procedures and sha l l  meet the  requirement i n  Table I. 
a .  Gas Chromatographic Method: 
(1) Apparatus : 
Gas Chroma tographic System 
I n l e t ,  hea ted ,  Hamilton, Incorporated,  Model 86800 
wi th  g l a s s  f i b e r  packing i n  vapor izer  tube,  o r  
equiva len t  . 
Column, 1 /8  in .  0 .d .  x 6 f t .  s t a i n l e s s  s t e e l ,  wi th  
5 percent  w e i g h t  Carbowax 20M on 70-80 mesh Chrom G. 
Detector ,  Gow Mac Model 9285 4-f i lament  Hot Wire 
Thermoconductivity o r  equ iva len t  , operated wi th  
24 v o l t  power supply. 
Recorder, 1 m i l l i v o l t ,  B r i s t o l  Model, equipped with 
a Disc In t eg ra to r ,  o r  equiva len t .  
Column compartment, temperature con t ro l l ed  a t  302OF 
(15OOC). 
Serum b o t t l e s ,  30 cc, wi th  s i z e  E s leeve  type s topper ,  
o r  equiva len t .  
Syringe, 10 cc, gas t i g h t ,  Hamilton Cat.  No. 1010, o r  
equiva len t  . 
Syringe, 5 m i c r o l i t e r ,  Hamilton Cat.  No. 7005N, o r  
equiva len t  . 
A Excerpted from North American Rockwell Corporation Spec i f i ca t ion  
MBO130-077, "Flame Retardant Polyurethane Foam, Two Pound Density,  
f o r  Spray Appl i c a  t ion. 'I 
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(2) Ca 1 i b r a  t ion  : 
Assemble gas chromatographic system per  F igure  1. 
Supply helium gas t o  the  carrier gas i n l e t  a t  15 p s i  k 1 p s i .  
Verify the  gas flow by a t t a c h i n g  one end of a length  of 
tubing t o  the  column exhaust  and the  o the r  end i n  a beaker 
of water . 
Preheat  the gas chromatograph column, column compartment, 
and i n l e t  t o  302 k 9OF (150 k 5°C). 
Af te r  the column has purged f o r  a minimum of 30 minutes ,  
a d j u s t  d e t e c t o r  f i l amen t  c u r r e n t  t o  290 mil l iamperes .  
Turn the  recorder  on and a d j u s t  t he  a t t e n u a t o r  and zero 
c o n t r o l s  t o  p u t  t he  recorder  pen on the  zero  c h a r t  
pos i t i on .  
An adequate base l ine  is  achieved i f  the  pen does n o t  
d r i f t  more than 1 pe rcen t  f u l l  scale per  minute. 
Prepare the  s tandard polyol  by weighing a 30 cc serum 
b o t t l e  wi th  a s l eeve  s topper .  
Weigh a 4-5 gram sample of base poly01 (component 'B' 
without  the  f luorocarbon blowing agent )  i n t o  the  serum 
b o t t l e ,  seal t h e  b o t t l e  w i t h  the  s leeve  s toppe r ,  and 
record polyol  weight as 'A ' .  
Using the  10 cc syr inge ,  i n j e c t  a volume of r eagen t  
grade toluene (approximated by mu1 t i p l y i n g  t h e  base  
poly01 weight by 1 .6)  i n t o  t h e  serum b o t t l e .  Care 
should be taken: 
(a) t o  cover the  rubber  s l eeve  s topper  w i t h  a s h e e t  
of polyethylene f i l m  t o  prevent  t he  to luene  
from we t t ing  the  rubber  s topper ,  
(b) n o t  t o  a l low the  sy r inge  needle  t o  come i n  
con tac t  w i th  the  base  polyol  i n  t h e  serum 
b o t t l e ,  and 
( c )  t o  draw a volume of gas  (equal t o  the  volume of 
toluene added) from the serum b o t t l e  t o  e q u a l i z e  
the  p re s su re  i n s i d e  the  serum b o t t l e .  
Re-weigh the serum b o t t l e  and r eco rd  the  weight  of t h e  
toluene added as 'B'. 
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Using the  fol lowing formula, c a l c u l a t e  the  approximate 
volume of Freon-11 blowing agent  t o  i n j e c t  i n t o  the  
serum b o t t l e .  
Volume Freon-11 (cc) = 0.3 x 'A' 
where : 
A = weight of base  polyol  
Pre-cool t h e  serum b o t t l e ,  a c l ean  10 cc gas - t igh t  sy r inge ,  
and the Freon-11 blowing agen t  In  a r e f r i g e r a t o r  (35-5O0F) 
f o r  10-20 minutes. 
I n j e c t  t he  volume of Freon-11 blowing agent  i n t o  the  
serum b o t t l e  us ing  the same syr inge  technique o u t l i n e d  
f o r  i n j e c t i n g  the  toluene. 
A l l o w  t h e  serum b o t t l e  t o  w a r m  t o  room temperature.  
Re-weigh the  serum b o t t l e  and record  the  weight of 
Freon-11 blowing agent  added a s  'C',. 
Mix the  s o l u t i o n  thoroughly by shaking the  serum b o t t l e .  
Using the  5 mic ro l i t e r  p o s i t i v e  displacement syr inge ,  
draw a 1 to  2 m i c r o l i t e r  sample i n t o  the  syr inge ,  a d j u s t  
t he  plunger t o  de l ive r  a 1 m i c r o l i t e r  sample, wipe any 
excess from the  needle ,  i n j e c t  the sample i n t o  t h e  i n l e t  
of t he  gas chromatograph and a d j u s t  the a t t e n u a t i o n  as  
r equ i r ed  t o  keep both t h e  Freon-11 peak and the  to luene  
peak on the  c h a r t .  
Ca lcu la t e  t he  a r e a s  under both peaks us ing  the  i n t e g r a t o r .  
Calcu la te  t he  Freon-11 f a c t o r  and t h e  percent  Freon i n  
the  s tandard  by using t h e  fol lowing equat ion:  
Factor  = - C D  x - 
B E  
c x 100 
A + C  
Percent  Freon = 
where : 
A = weight of base  polyol  
B = weight of toluene 
C = weight of Freon-11 
D = area under the toluene peak 
E = area under the  Freon peak 
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Average Fac tor  s h a l l  be obtained by r e p e a t i n g  the one 
m i c r o l i t e r  sampling t en  times and averaging the  r e s u l t s .  
Tare a 30 cc serum b o t t l e  and s leeve  s topper .  
Pre-cool the  capped serum b o t t l e  and a dropping p i p e t t e  
f o r  10-20 minutes i n  a r e f r i g e r a t o r .  
Open the component 'B' conta iner  cau t ious ly  and quick ly  
t r a n s f e r  a sample of the component 'B' (approximately 5 cc) 
t o  the serum b o t t l e  u s ing  a dropping p i p p e t t e  and seal 
immediately wi th  the  s leeve  s topper .  Do n o t  allow the  
sample t o  con tac t  the neck of t he  serum b o t t l e .  
Allow the serum b o t t l e  to  w a r m  t o  room temperature,  re- 
weigh the  serum b o t t l e ,  and record  the  weight  of the  
component 'B' as  IF'. 
Using the  toluene i n j e c t i o n  method descr ibed  under cal i -  
b r a t i o n ,  i n j e c t  a volume of toluene (approximate volume 
i s  determined by mul t ip ly ing  the  component 'B' weight by 
1.25) i n t o  the  serum b o t t l e .  
Reweigh t h e  serum b o t t l e  and record  the  to luene  weight 
as 'GI. 
Mix the  sample thoroughly by shaking t h e  serum b o t t l e  
u n t i l  a clear homogeneous s o l u t i o n  i s  obta ined .  
Using the 5 m i c r o l i t e r  p o s i t i v e  displacement  syr inge  , 
i n j e c t  a one m i c r o l i t e r  sample i n t o  the  i n l e t  u s ing  the  
procedure ou t l ined  under c a l i b r a t i o n  and a d j u s t  t he  
a t t e n u a t i o n  t o  keep the peaks on the  c h a r t .  
Calcu la te  the  area under the  peaks us ing  the  i n t e g r a t o r .  
Ca lcu la t e  the  Freon con ten t  i n  the  component 'B'; us ing  
the  fo l lowing  equat ion:  
Percent  Freon = x Fac to r  x 100 
F x I  
Where : 
F = weight of sample component 'B' 
G = weight of to luene  
H = area under Freon-11 peak 
I = area under to luene  peak. 
Repeat the  1 m i c r o l i t e r  i n j e c t i o n s  of t h e  sample 5 times 
and average the  Freon percentage  f o r  a l l  5 samples.  
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TABLE A I .  FOAM COMPONENT PROPERTIES 
Property 
v i scos i ty ,  CPS (2) 
Specif ic  Gravity (2 )  
Amine Equivalent 
Water Content, Percent 
Hydroxyl Number (3 )  
Fluorocarbon 
Content, percent 
Component A 
275 & 125 
1.237 +- 0.006 
134 5 3 
Component B 
~~ 
340 2 100 
1.208 +_ 0.012 
0 . 1  maximum 
505 k 20 
28  k 2 
Test 
Paragraph 
4.3 .1  
4 .3 .1  
4.3.1 
4 .3 .1  
4.3.16 
4.3.2 
Minimum 4 samples per condition 
( 2 )  Temperature shal l  be maintained a t  73.0  & 1°F. 
(3) To be determined on component 'B' prior to addition of the 
fluorocarbon blowing agent. 
19 
r---- 
I 
I 
I 
I 
I 
K 
0 
I- 
W 
W 
I- 
W 
n 
2 
W > 
0 
o? 
W 
J 
aE 
n 
3 
z 
W 
I- 
* 
I 
U 
K 
c3 
0 
aE 
0 
K 
I 
W 
< 
c3 
v, 
v, 
n 
5 
v, 
LL 
0 
20 
October 9, 1968 APPROVAL NASA TM X-53792 
AN EVALUATION OF A GAS CHROMATOGRAPHIC METHOD FOR THE DETERMINATION 
OF THE TRICHLOROFLUOROMETHANE CONTENT IN THE STARTING 
POLYOL COMPONENT OF POLYURETHANE FOAM 
Franc i s  J .  Car l in ,  Jr . 
The information i n  t h i s  r e p o r t  h a s  been reviewed f o r  s e c u r i t y  
c l a s s i f i c a t i o n .  
Defense o r  Atomic Energy Commission programs has  been made by the  
MSFC Secur i ty  C l a s s i f i c a t i o n  Of f i ce r .  This r e p o r t ,  i n  i t s  e n t i r e t y ,  
h a s  been determined t o  be u n c l a s s i f i e d .  
Review of any information concerning Department of 
This document has a l s o  been reviewed and approved f o r  t echn ica l  
accuracy.  
n 
4 tLdJ 
W .  R. Lucas 
D i r e c t o r ,  Propuls ion and Vehicle  Engineering Laboratory 
21 
DISTRIBUTION 
DIR 
R-P&VE -DIR 
R -P&VE - S 
R -P&VE -V 
R -P&VE -M 
R -P&VE -M 
R -P&VE -MC 
R-P&VE -ME 
R-P&VE -MN 
R-P&VE -MM 
R-QUAL-DIR 
R q U A L - A  
R-ME -M 
R-ME -M 
R-ME -DP 
R-TEST-DIR 
I -v - s - I1 
R -P&VE -RM 
MS-IP 
MS -1L 
PAT 
I -RM-M 
MS-H 
MS-T 
DEP -T 
D r .  von Braun 
D r .  Lucas 
M r .  Kro11 
M r .  Aberg 
Mr. Kingsbury (5) 
M r .  Zo l l e r  
Mr. Nunnelley (25) 
Mr. McKannan 
M r .  Curry (2) 
Mr. Cataldo 
Mr. Grau 
M r .  Henri tze  
M r  . Wilson 
M r .  Beyerle 
M r .  Sharpe 
M r  . Heirnburg 
M r .  Stone 
Miss S c o t t  
Mr. Ziak 
M i s s  Robertson (8) 
Mr . Warden 
M r .  Goldston 
M r .  Akens 
M r .  Wiggins (6) 
M r .  Mohlere 
S c i e n t i f i c  and'  Technical Information F a c i l i t y  (25) 
At tn :  NASA Representa t ive  (S-AK/RKT) 
P. 0. Box 33 
College Park,  Maryland 20740 
. 
e 
